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..: . : : ", : ". ' . : , : ...,~:. , -.. ,,' N ew solids flowmeters are now available for accurate measurement and control of pneumatically conveyed solids. One important application that resulted in this investigation is on coal-fired power plant but other applications in the process industry are obvious.
In coal-fired power stations, particulates coal from a pulverising mill divide to feed typically eight burners via 18 inch diameter pneumatic conveyors. On a 500 MW boiler there could be forty or more burners. Uneven division of the fuel between the burners reduces combustion efficiency, The combustion efficiency can be improved if three critical parameters, relating to the flow of pulverised fuel, are measured! and (ideally) controlled 2 • These are the solids velocity, the solids distribution between pipes, or 'split', and the particle size. This article describes preliminary investigations into controlling the 'solids distribution' between two 40mm diameter pneumatic conveyors, each fitted with a passive electrostatic pulverised fuel meter. The two 40mm conveyors were fed from a 63mm diameter conveyor. Results are presented showing that accurate split control can be achieved over a range from initial values of up to 30% to a set point of 0% corresponding to equal mass flow rates. Future plans are to repeat the trials on full-scale power plant. The work was ECSC and DTI funded 4 , forming part of the UK's Clean Coal Technology programme. The general problem is summarised in Reference 4. Figure 1 shows several ABB solids flowmeters ranging in diameter from DN40 to DN380. The flow sensor is a nonrestrictive, robust enclosure containing electrodes. An absolute measure ofsolids velocity is achieved using two narrow ringshaped electrodes placed a known distance apart. These electrodes induce signals proportional to the instantaneous quantity of solids passing through the sensor that are cross-eorrelated to measure the solids transit time between the two rings. The PC-based digital signal processor contains a multiple cross-eorrelation facility capable ofsimultaneously measuring the solids velocity in real time from many sensors. The air mass flow rate, the solids mass flow rate and the solids split in each of the two parallel sections can be continuously displayed. The accuracy to which a sensor can measure the velocity of a moving surface is at least 0.2% over the entire range. An indication of the gas temperature within the pipe was also given by temperature sensors fitted into the sensors
ABB Solids Flowmeter
In the DTI-funded work described here, two 40mm diameter PE meters were fitted, one in each branch of a two-way split, to give a direct measure of the solids mass flow rate; the meter mass flow rate outputs were used to calculate the actual split.
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Test Facility
The test section is shown in Figure 4 . Low volatile anthracitic pulverised coal was used as the conveyed material and the experiments were carried out at the Research Laboratories of Casella CRE Energy, Stoke Orchard, Cheltenham. The 'vertical upwards' flow was supplied from a 63mm diameter co~r fed from a hopper. Output from each of the 40mm conveyors was fed into separate hoppers each fitted with a load cell so that the mass flow rate in each conveyor could be measured. Initial solids split was set using a flow diverter valve and the split value was controlled using a modified butterfly valve in one of the conveyors. Relative mass flow rate signals were obtained from two ABB PF electrostatic meters and fed to the controller, whose output varied the butterfly valve, thus altering the restriction to the flow. The aim was to equalise the split to 0% after it had been set at some value determined by the diverter at x%. The solids concentration The accuracy to which the system could operate is of significant importance. In order to validate the accuracy of the meters, the receiver hoppers were fitted with load cells allowing a direct comparison between the mass flow rate measured by the instruments and that measured by the load cells. The rate-of-change of hopper weight, i.e. measured solids flowrate, was compared to that indicated by the meters and results were recorded over the solids velocity range from 15m/s to 30m/s. Figure 3 compares the total mass of solids measured by the load cells scale with the total mass indicated by the pf meter indicating good agreement despite the widely varying transport velocities.
Both test meters were subject to a wide range of test conditions by varying the solids:air ratios and the pf conveying velocities for each test. tor, a modified butterfly valve, to alter the 'split' to the desired set point value.
Control System
The controller used was the AB:B Commander 355 'Advanced Process Controller' which offers a wide choice of control strategies. The control target was to recover the system to normal 50:50 split from a predefined perturbation. The 'target split' value was the local set point on the ABB commander 355, which is equal to the control set point of the controller. Here the process variable was the split calculated by the pf meter output as a 4-20mA signal and connected to the controller. In the controller, the process variable was compared to thẽ 6 Measuremem+Contro/ Val3SnSeplember 2003 control set point and the deviation, via internal PID algorithms, controlled the actuator that drove the butterfly valve to maintain the split at the set level. Figure 5 shows a diagrammatic representation. The split could be set remotely as it would be on a large plant, or ifused as part of another control system.
Control Results
Many tests were carried out from 'lean phase' conveying conditions to 'dense phase' conveying. Only one set of results is given in this article.
The system was tested over the full operating range of the test rig at velocities from 15m/s to 30m/s. Control was possible over the full range of solids loading and the wwwJllStllc.orpll 
Irregular Mass Flows
In pneumatic transport systems, the solids flow rate is seldom constant and this was the case with the test rig used. In spite of this, the closed-loop system appeared to be unaffected by irregular flows although this increased the response time.
Conclusions
This experimental project has confirmed that the use of mass flowmeters combined with actuated flow restrictors can be a solution to controlling the solids split between two conveyors fed from a bifurcator. Pinch valves have since replaced the butterfly valve.
The control system, demonstrated here on a small scale, is readily extendable to the larger diameters used in commercial power generation. Much work is proceeding to use the PF meters to control the solids split using 'active riffle box' systems where the input particulate flow is divided into three or four outputs.
